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Table S1. Primers used in this study  
Name Sequence (5’ to 3’) purpose 
YLAG1-1F gcacacacaggaccgata Deletion of YlLAG1  
YLAG1-2B actagtaaagcttagatctgtatcccctccacagctc " 
YLAG1-3F agatctaagctttactagtacagtcgatctgacgacg " 
YLAG1-4B cagacgttcacgctcata " 
ScLAG1-1F ggatccatgacatcagctacggac Deletion of ScLAG1 
ScLAG1-2B aagcttgatatcttctagatgcatatgagtctgtgcc " 
ScLAG1-3F tctagaagatatcaagcttccaaaatgggattggctat " 
ScLAG1-4B gtcgacttcacacttttccttagattc " 
ScLAG1HIS3-1F acgaacaagccgaacacaaagggagtattaagagcttggtgagcg Deletion of ScLAG1 
ScLAG1HIS3-2B tgtatgcgtgtatagcgcgtactttttttcccgttcctccatctc " 
ScLAG1HIS3-3F acatggcgcagatagatccaaaagaacacgaacaagccgaacaca " 
ScLAG1HIS3-4B tagttggttgacaccattcttcatacttgtatgcgtgtatagcgc " 
ScLAC1-1F ggatccatgtcgacaataaagccaa Deletion of ScLAC1 
ScLAC1-2B aagcttgatatcttctagaaatacctttaccatatgcg " 
ScLAC1-3F tctagaagatatcaagcttggactgccaatctatatc " 
ScLAC1-4B ctcgagaatatcctttttcgttggag " 
CaLAG1-1F ggatccatgtcatcgtcatcatctt Deletion of CaLAG1 
CaLAG1-2B atcgataagcttgatatctcgttacctcctttacca " 
CaLAG1-3F gatatcaagcttatcgatttggaatctcccattacc " 
CaLAG1-4B gtcgacttgttcctttttcttttcatc " 
CaLAC1-1F ggatccatgagttcaggatcaattg Deletion of CaLAC1 
CaLAC1-2B atcgataagcttagatctgaccaactttgttcagca " 
CaLAC1-3F agatctaagcttatcgatggacaatgtgttgaagga " 
CaLAC1-4B gtcgactacttttcttttcctaatatcc " 
CaLAG1-N1F gttggtagaatagacgttgg Northern blot of CaLAG1 
CaLAG1-N2B ccaaatggaccagtaatacc " 
CaLAC1-N1F gcaactacaacaatacccag Northern blot of CaLAC1  
CaLAC1-N2B tcccaatataataccacgcc " 
CaHWP1-N1F gctcaacttattgctatcgc Northern blot of CaHWP1  
CaHWP1-N2F caggctgatcaggttgag " 
CaLAG1_qPCR_F(462) acgtccaattagtgtttgg qRT-PCR of CaLAG1 
CaLAG1_qPCR_R(561) tggaccagtaataccataat " 
CaLAC1_qPCR_F(717) gatgattatggattcagtag qRT-PCR of CaLAC1 
CaLAC1_qPCR_R(836) cttaatacaatccaactgac " 
CaACT1_qPCR_F(464) attctggtgatggtgttac qRT-PCR of CaACT1 
CaACT1_qPCR_R(566) aatggttggtcaagtctcta " 
* Underlines indicate restriction enzyme sites. 
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Supplementary Figure legends 
 
Fig. S1. Ceramide synthase is required for C. albicans cell polarity on solid hypha-
inducing media. Calag1Δ/Calag1Δ (Calag1Δ2-1) (A), Calac1Δ/Calac1Δ (Calac1Δ2-
1), CaLAC1/Calac1Δ (Calac1Δ1-1), Calac1Δ/Calac1Δ (Calac1Δ2-1), and 
Calac1Δ/Calac1Δ[CaLAC1] (Calac1Δ3-1) (B) were grown on each medium at 37°C 
for 3 days. 
 
Fig. S2. Ceramide synthase is required for cell polarity in Y. lipolytica. Wild type, 
Yllac1Δ, and Yllac1Δ[YlLAC1] strains were grown at 28°C for 3 days on solid hypha-
inducing serum medium and at 28°C for 24 hours in liquid hypha-inducing serum 
medium. 
 
Fig. S3. Two distinct ceramide synthase genes exist in yeast and fungi. (A) Phylogenic 
tree of Lag1 protein homologs. We constructed this tree by comparing the deduced 
amino acid sequences of the Lag1 proteins. The length of each pair of branches 
represents the distance between sequence pairs, while the units at the bottom of the 
tree indicate the number of substitution events. The dotted line on a phenogram 
indicates a negative branch length, a common product of averaging. (B) Alignment of 
the Lag1 motif in the Lag1 homologs. (C) A Sclag1Δ Sclac1Δ double mutant (SGC97, 
MATa ura3-52 his3::hisG leu2::hisG Sclac1::LEU2 trp1::tc190 Sclag1::HIS3) 
carrying a low-copy TRP1 vector expressing ScLAC1 (pRS314-ScLAC1) was 
cotransformed with a low-copy URA3 vector (pRS316) expressing each LAG1 family 
gene controlled by the GAL1 promoter. Transformants growing on synthetic complete 
medium without leucine, histidine, tryptophan, and uracil were streaked on induction 
medium (galactose) that lacks leucine, histidine, and uracil, but contains 0.4 g l-1 5-
FAA. The Sclag1Δ Sclac1Δ mutant could grow in synthetic medium supplemented 
with an excess amount of tryptophan (200 mg ml-1), but not in synthetic medium 
containing a low amount of tryptophan (20 mg ml-1). (D) Quantitative analysis of the 
ratio of length to width of Sclag1Δ Sclac1Δ mutant cells carrying GAL1 promoter-
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driven AnlagA. The cells were inoculated into YPD or YPGR (YP + galactose and 
raffinose) medium with or without 1% (v/v) butanol and cultured at 30°C for 8 hours. 
 
Fig. S4. CaLag1p and CaLac1p synthesize ceramides for the inositol-containing 
sphingolipids and glucosylceramides, respectively. (A)-(E) Composition of ceramides, 
inositol-containing sphingolipids, and hexosylceramides. Lipid extracts from wild type 
(SC5314), Calag1Δ/Calag1Δ mutant (Calag1Δ2-1), Calac1Δ/Calac1Δ mutant 
(Calac1Δ2-1) strains grown in YPD medium were analyzed by mass spectrometry. 
Error bars indicate standard deviation (n = 3, technical repeats). (F) Relative amounts 
of IPC, MIPC, and M(IP)2C to the phospholipids (PI + PS + PA + LIPC + IPC + 
MIPC + M(IP)2C) in each strain. 
 
Fig. S5. Overexpression of CaLAC1 partially restores the growth defect of the 
Calag1Δ mutant. Wild type (SC5314), Calag1Δ/Calag1Δ (Calag1Δ2-1), and 
Calag1Δ/Calag1Δ (Calag1ΔPC), which carries the CaLAC1 gene (pPCK1-CaLAC1) 
regulated by the inducible PCK1 promoter, were plated onto repressing (SC-URAS) or 
inducing (SCAA) medium and incubated at 30°C for 3 days.  
 
Fig. S6. (A) Myriocin did not rescue the defective hyphal growth of the Calag1Δ 
mutant. Accumulation of sphinganine may not be responsible for the loss of cell 
polarity in the Calag1Δ/Calag1Δ (Calag1Δ2-1) mutant. (B) Exogenous addition of 
phytosphingosine (PHS), dihydrosphingosine (DHS), or sphingosine (SPH) did not 
affect hyphal growth of C. albicans in serum induction medium, which also supports 
that the accumulation of the precursors does not cause the defective hyphal growth of 
the Calag1Δ/Calag1Δ (Calag1Δ2-1) mutant. The wild type C. albicans SC5314 strain 
grown overnight in liquid YPD medium was transferred to hypha-inducing serum 
medium containing 5 µm PHS, SPH or DHS, and incubated at 37ºC for 3 hours. Scale 
bar, 5 µm. 
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Fig. S7. Cortical actin patches are polarized in both Calag1Δ and Calac1Δ. Cells 
grown in YPD at 30°C or YPD + 10% serum at 37°C were stained with TRITC-
conjugated phalloidin and visualized by fluorescence microscopy. 
 
Fig. S8. The Calag1Δ mutant is avirulent. Male Crj:CD1(ICR) mice weighing 
between 22 and 25 g were used to test the virulence of C. albicans strains. Cells grown 
for 2 days on YPD plates were suspended in physiological saline and adjusted to the 
desired concentration based on the OD and cell number. Ten mice per test strain were 
injected with 1 x 106 or 1 x 107 cells in a volume of 0.2 ml per mouse in the tail vein. 
Survival was monitored daily for 20 days. 
 
